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SUMMARY

Porous materials saturated with water were considered for cooling

low-melting-temperature structural materials in the less severely heated

areas and for thermal protection that would provide suitable environ-

mental temperatures for payloads, such as instrument packages or human

occupants.

The water-absorbing mediums investigated included such materials

as balsa wood 3 diatomaceous earths, foamed plastics_ vermiculite 3 ab-

sorbent paper_ and felts of glass and quartz microfibers. Tests that

were made to determine the water-absorption capabilities of these mate-

rials indicated that the quartz felt (6.0 ib/cu ft) absorbed the great-

est amount of water. (The unit volume of the material was measured

when the material was wet.) The diatomaceous earth products were far

superior to the other materials in their capacity to retain the absorbed

water when the materials were subjected to acceleration loads up to

15 g's. When the materials were subjected to simulated aerodynamic

heating of about 1/2 Btu per second per square foot, the diatomaceous

earth product (13.5 lb/cu ft) afforded more temperature protection. On

the basis of an overall evaluation, the best choices of the porous ma-

terials investigated were a diatomaceous earth product and the 6.0-

pound-per-cubic-foot quartz felt.

INTRODUCTION

Vehicles flying at hypersonic speeds in the atmosphere will en-

counter two levels of aerodynamic heating. On leading edges and por-

tions of the afterbody the heating will often be so severe that the re-

sulting equilibrium temperatures will be too high for most engineering



materials. These surfaces must either be cooled or madeof refractory
materials. Away from the leading edges, equilibrium temperatures will
usually be within the temperature capability of present-day superalloys.
Cooling the outer skin of the vehicle maytherefore be unnecessary. In-
ternal cooling, however, will be necessary to provide thermal protec-
tion either for low-melting-temperature structural materials or for
payloads. For this purpose, water, whenheld in place by a porous me-
dium, showsgood promise as a heat sink. The results of an experimental
investigation of a numberof available absorbent materials used as the
water carrier for this type of heat-sink application are presented
herein.

Water, whenheated and vaporized at ambient conditions of tempera-
ture and pressure for altitudes up to at least 200,000 feet, absorbs
approximately llO0 Btu per pound. In order to use water as a heat sink,
somemeansmust be provided to maintain the water distribution necessary
for optimum cooling over the surface, or surfaces, of the protected vehi-
cle. An absorbent or '_lotter-like" material was suggested in refer-
ence 1 to maintain this distribution. To function properly in such a
heat-sink cooling system, a water-absorbent material should: (1) be
lightweight 3 (2) readily absorb and equally distribute a large amount
of water, (3) withstand acceleration loads encountered in flight with
only a small or negligible loss of absorbed water, (4) release the ab-
sorbed water by evaporation under the heat loads that would be imposed
by aerodynamic heating_ and (S) preferably be rechargeable to enable
its repeated use.

A practical limiting temperature for present-day superalloys that
might be used for the outer skin in the afterbody region of hypersonic
vehicles is approximately 1800o F. Temperatures as low as 250o F will
be required in the afterbody region to protect lightweight structural
materials such as aluminum and magnesium. In order to protect either
humanoccupants or delicate instruments, it maybe necessary to main-
tain internal temperatures as low as 75° F. Reference 1 suggests a
method for internal cooling in which a layer of insulating material and
a layer of waterIsaturated heat-sink material are placed between the
aerodynamically heated outer skin and the structural memberor payload.

An experimental program was initiated to screen existing water-
absorbent materials knownto have physical characteristics that ap-
peared to be desirable for the intended heatIsink application. A num-
ber of the more promising materials were subjected to further evalua-
tion. The water-absorption characteristics and the ability of the
materials to retain the absorbed water under acceleration loads as
high as 15 g's in a centrifuge were determined. Tests were also con-
ducted in a heating apparatus in an effort to determine the effective-
ness of water-saturated materials as heat sinks under simulated heating
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conditions representative of those that would be encountered in hyper-

sonic vehicles. Three variations in the method of discharging the re-

sultant steam were investigated.
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HEAT-SINK SYSTemS

Water will absorb approximately llO0 Btu per pound when heated and

vaporized under ambient conditions of temperature and pressure for altl-

tudes up to at least 200,000 feet. Additional heat absorption can be

obtained by superheating the resultant steam. A plan was proposed in

reference 1 for utilizing this heat capacity of water as theheat sink

for portions of the afterbody of hypersonic aircraft and reentry vehicles.

The proposed plan assumes a maximum outer skin temperature of 1800 ° F while

maintaining an internal-structural-member temperature of about 220 ° F. At

this relatively low temperature level, water is an effective heat sink if

permitted to vaporize. The resultant heat flux for such a system with the

prescribed temperatures wo_ld be approximately 1/2 Btu per second per

square foot if the water-absorbent heat-slnk material is separated from

the outer skin by a 1-inch thickness of commercially available, low ther-

mal conductivity fibrous insulation. Under these conditions, 1 pound of

water per square foot of surface area should provide approximately 35

minutes of protection.

A problem in cooling an aerodynamically heated structure with water

is the uniform distribution and retention of the water in the regions

that require cooling. Various methods have been proposed to solve this

probl_n. A simple, low-weight system that was proposed is one in which

the water is contained in an absorbent material placed between the heated

outer skin and the supporting structure. Saturated balsa wood was sug-

gested for this purpose (ref. 1). One such system is shown schematically

in figure l(a). In this system, the aerodynamically heated outer skin

is backed with a high-temperature fibrous insulating material to effect

an initial temperature drop between the outer skin and the heat sink. A

moisture barrier separates the fibrous insulation from the water-

absorbent heat-sink material. The load-bearing member of the aircraft

structure with suitable vents for the evaporated water is on the upper

side of the heat sink. No mechanical connection is shown in figure 1

between the outer skin and the structural member of the vehicle, although

a practical system must have such connections. Evaluation of design fea-

tures of this nature, however, is beyond the scope of this investigation.

The temperature of the load-bearing member can be kept at the boil-

ing point of water as long as there is water present in the absorbent

heat-sink material. Within certain limits_ this temperature can be con-

trolled by the pressurization imposed on the venting system.

The heat-sink systems shown in figures l(b) and (c) are variations

in the arrangement of the basic elements used in the heat-sink system of



figure l(a). In the heat-sink system of figure l(b), the fibrous insula-
tion is separated from the water-absorbent material by a space for vent-
ing the resultant steam. This system makesmore efficient use of the
absorbed water by forcing the steam to vent through the heated side of
the heat-sink material, thereby, taking advantage of the additional heat
absorption available through superheating the steam. The heat-sink sys-
tem of figure l(c) allows the steam to vent back through both the heat
sink and the insulation material to a space separating the outer skin
from the fibrous insulation to obtain additional superheating of the
steam. The presence of the steam in the insulation, however, may change
the thermal conductivity of the insulation.

!
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WATER-ABSORBENT MATERIALS

To function properly in the cooling system of a hypersonic or re-

entry vehicle, a water-absorbent heat-sink material should (i) be light-

weight, (2) readily absorb and equally distribute a large amount of water,

(3) withstand acceleration loads representative of those that would be

encountered in flight with only a small or negligible loss of absorbed

water_ (A) release the absorbed water by evaporation under the heating

loads imposed by aerodynamic heating, and (5) preferably be rechargeable

for repeated use.

A number of existing materials were screened for possible use in

this application. Some of the more promising materials (shown in fig.

2) were:

(a) Balsa wood of about 6.0 pounds per cubic foot in the form of

sheets, which was commercially available, and four- and seven-layer ply-

wood. The balsa plywoods were considered because the balsa-wood sheets

warped so severely. (See APPARATUS AND PROCEDURE section for descrip-

tion of fabrication.)

(b) Standard commercial sheet blotter paper, such as that available

in a stationery store, stacked together without a bonding agent. Approx-

imately 16 sheets of this blotter paper measured 1/2 inch in thickness

when saturated with water.

(c) Vermiculite (i/8-in. granules), an expanded form of mica.

(d) Diatomaceous earths in the form of two commercial pipe insula-

tions (available in 1/2-in.-thick sheets). One type; weighing 23.9

pounds per cubic foot, contained asbestos fibers, diatomaceous silica,

and an inorganic binder. The other, weighing 13.5 pounds per cubic foot,

contained asbestos fibers, diatomaceous silica, and lime.

(e) Commercially available porous foamed phenolic plastic in three

densities (1.5, 2.1, and 3.3 lb/cu ft). These specimens had been treated

with a wetting agent by the supplier.
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(f) Glass felt, a lightweight (approximately 4.0 lb/cu ft) flexible

felt generally used for insulating purposes at temperatures up to lO00 ° F.

It is composed of microfibers ranging from 0.05 to 3.8 microns in diam-

eter, is made from a borosilicate type of glass, and is commercially a-

vailable in various thicknesses.

(g) Quartz felt, a lightweight, flexible felt, generally used for

high-temperature (up to 2000 ° F) insulating applications , in two densi-

ties (3.5 and 6.0 lb/cu ft). It is composed of microfibers of pure

quartz averaging 1 micron in diameter and is commercially available in

various thicknesses.

APPARATUS ANDPROCEDURE

Specimen Preparation

The only specimens that required any preparation or fabrication be-

fore testing were the four- and seven-ply balsa specimens. _ Balsa sheets

were cut into 1/8-inch and 1/16-inch layers to form the four- and seven-

layer balsa plywoods. In fabricating the plywoods, alternate layers

were so arranged that the grain of the wood was at right angles. A wa-

terproof glue was used to cement the layers together and form 1/2-inch-

thick specimens. The plywood specimens were perforated (see fig, 2)

with holes 1/16 inch in diameter that were spaced 1/4 inch apart. Be-

cause the glue acts as a water barrier between the plies, the perfora-

tions were considered necessary to facilitate the absorption of water

by the balsa layers and also to facilitate the release of this absorbed

water by evaporation when under heating loads.

Absorptivity Tests

Samples of all the materials investigated were submerged in water

at room temperature and pressure for several hours to determine their

water-absorption capabilities. Some of the materials were also sub-

jected to a temperature-pressure process, in which the samples were sub-

merged under boiling water in a steam chest and pressurized at 15 to 20

pounds per square inch gage (about 280 ° F) for approximately 1 hour.

This treatment increased the absorptivity of the balsa-wood materials

greatly and the absorptivity of vermiculite to some degree, but it ap-

parently did not alter the absorption properties of the other materials.

While submerged in water at room temperature, the absorptivity of samples

of balsa wood that were subjected to pressures as high as lO0 pounds per

square inch gage was slightly greater than that of samples treated at

room pressure.

The amount of water absorbed was determined by the weight change

from the dry to the wet condition. The weight per unit volume of both
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wet and dry samples was based on the wet volume. Only two materials,

blotter paper and balsa wood, showed appreciable increases in volume

due to wetting. The size of each test specimen used for the absorptivity

tests was approximately i00 cubic inches. Although specimen sizes varied

somewhat, this variation had no effect on the results because the absorp-

tivity was based on a unit volume.

Water Retention Under Acceleration loads

Centrifuge tests were performed on samples of the various heat-sink

materials in order to determine their abilities to retain the absorbed

water under acceleration loads representative of what might be imposed

on hypersonic aircraft or reentry vehicles. A schematic diagram of the

apparatus used for these centrifuge tests is shown in figure 3. The ac-

celeration load tests were conducted on samples 2- by 3- by i/2-inch in

size, with the load applied across the i/2-inch dimension. The sample

holder in this apparatus was constructed of a heavy-wire-mesh frame,

which permitted the escape of water that was ejected from the sample

under centrifugal load. A box enclosed the heavy-wire-mesh frame to en-

sure that no air-drying of the sample occurred during the test. A sump

at the outer edge of this closed box trapped the ejected water. Vermic-

ulite, the only loose material investigated, was enclosed in 2- by 3- by

I/2-ineh fine-wire-mesh baskets before it was placed in the apparatus

for water-retention testing. The combination of shaft speeds and two

radius-arm locations (2.6 and 4.0 ft) provided a means for simulating

load conditions of approximately 3, 5, 9_ and 15 g's. Centrifuge tests

of i-_ 3-] and 5-minute duration were used. The amount of water lost

was determined by the difference in weight of the sample before and af-

ter each test time interval.

!
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Heat Tests

The electrical heating apparatus shown schematically in figure 4

was used to evaluate the effectiveness of the proposed variations in the

arrangement (fig. i) of iflsulation, heat-sink material, and steam vent-

ing; and to determine the usefulness of each material as a possible heat

sink. Figure 4 illustrates the system proposed in figure l(a). The ap-

paratus was modified to test the other proposed systems.

The heat-test apparatus used an electrically heated i/16-inch-thick

Inconel plate with a 12- by 14-inch surface to simulate an aerodynami-

cally heated outer skin. The plate was bolted between terminal strips

and formed an integral part of the secondary circuit of the power trans-

former used in heating the simulated outer skin. Power for the primary

circuit was taken from a li0-volt_ iSO-ampere electrical supply. The

heater plate was lined on the sides and undersides by insulating fire



_-_

I

7

brick to minimize heat losses. The fibrous insulating material used in

all the arrangements tested was a 1-inch thickness of low-conductivity_

refractory-fiber felted pad_ which has a dry density of 3.0 pounds per

cubic foot. When necessary_ a thin sheet of Inconel was used to simulate

a moisture barrier. A i/8-inch sheet of Inconel was used to simulate the

structural member of the aircraft. In the case of the arrangement shown

in figure l(a), the Inconel sheet was perforated to allow steam to vent

from the heat-sink material. The water-saturated test specimens used in

all the heating tests were approximately i_- by 16- by i/2-inch thick and

were prepared in the same manner as for the absorptivity tests described

previously. In all arrangements_ a I/2-inch space was provided to allow

for the escape of steam generated in the heat-sink material.

Thermocouples were installed on various parts of the heat-test ap-

paratus in order to measure the temperature levels of these parts when

simulated heating loads were applied to the heater plate. Thermocouples

were arbitrarily placed on the surface of the heater plate to measure

lateral and longitudinal temperature distributions. Similar temperature

distributions were measured at the moisture barrier and on the simulated

structural member.

The simulated outer skin was heated to an average temperature of
1800 ° F and held at this level for the duration of the test. A thermo-

couple at the center of the plate was connected to a temperature con-

trolling unit in order to maintain this temperature level. The heating

tests were continued until an appreciable area (approximately i0 sq in.)

on the simulated structural member reached a temperature greater than

220 ° F. This condition indicated that the heat-sink material immediately

beneath this area of the plate was no longer releasing water for evapor-

ation. The time required to reach this condition was a measure of the

effectiveness of the test material as a heat sink. During a heating

cycle_ the water in the heat-sink material is heated and eventually va-

porized; approximately ii00 Btu per pound is absorbed in the process.

RESULTS AND DISCUSSION

Weight and Absorptivity

The bar graph of figure 5 shows the total densities of the water-

saturated materials investigated. The dotted areas of the bars repre-

sent the weight of water absorbed per cubic foot of wet material. The

crosshatched areas indicate the dry density of the materials (adjusted

to wet volume). The scale at the bottom of the figure is used with the

dotted areas of the bar graph only. This scale shows the volume of wa-

ter absorbed by the material compared with the amount of water that could

be contained in a unit volume if the absorbent material were not present

(i00 percent).



The dry densities of the materials varied from 23.9 pounds per cu-
bic foot for the heavier form of diatomaceous earth to 1.5 pounds per
cubic foot for the lightest of the foamedplastics. All the materials,
with the exception of vermiculite, absorbed more than 48 pounds of water
per cubic foot of material. This is more than 75 percent of the maximum
amount of water that could be contained in that volume. The 6.0-pound-
per-cubic-foot Cwhendry) variety of feltedpads of quartz microfibers
absorbed the most water per unit volume, 60.1 pounds per cubic foot or
about 95 percent of the maximumamount possible. The percent of total
weight of the materials when saturated with water due only to the ab-
sorbent material varied from 2.8 for the lightest foamedplastic to 32.1
for the heavier form of diatomaceous earth product.

!
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Water Loss Under Acceleration Loads

The results of the centrifuge tests on the various materials are

shown as the percent of water lost during i, 3, and 5 minutes under loads

of approximately 3, 5, 9, and 15 g's in figure 6. In general, the denser

materials lost the lower percentages of absorbed water. Under a 5-g load-

ing for5 minutes (a practical limit for manned vehicles), only three

materials (vermiculite, glass felt, and 3.5 ib/cu ft felt of quartz mi-

crofibers) lost more than 5 percent of the absorbed water. The best ma-

terials with respect to water retention were both the light and heavy

forms of diatomaceous earth products. Each of these materials lost less

than 3 percent of the absorbed water under the most severe condition

tested (15-g load for 5 min).

The degree of this water loss under acceleration loads will vary

with the nature of the vehicle and the cooling-system design involved.

With the proper cooling-system design and a water-absorbent material

that has good wicking action, much of the displaced water may be re-

trieved or redistributed after the acceleration load is removed. If

the water is not retrievable by wicking action, these losses could be

compensated for by increasing the initial quantities of water-saturated

heat-sink material contained in the system. Figure 6 shows the magni-

tude of such losses for which compensation would have to be made.

Heating Tests

Table I presents a tabulation of heating times for all the mate-

rials tested under the heating condition of a constant plate tempera-

ture of 1800 ° F for the heat-sink system shown in figure l(a). The

heating time was measured from the moment electric power was applied

to heat the simulated outer skin until a time when temperatures in ex-

cess of 220 ° F over an area of approximately i0 square inches were

reached on the perforated plate directly above the heat-sink material.
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All parts of the heating apparatus were at room temperature at the be-

ginning of this time period. Approximately 7 minutes were required to

raise the "outer skin" temperature to 1800 ° F. The listed heating times

vary from a minimum of 73 minutes for vermiculite tQ a maximum of 132

minutes for the heavier form of diatomaceous earth product. When tests

were duplicated, the results were in good agreement with those of pre-

vious tests.

Figure 7 presents a comparison of the results of these heating

tests based upon a heating-time factor (ratio of the length of time a

specific material functioned as a water retainer to the weight of the

wet material per sq ft for a i/2-in, thickness). Such a comparison

shows which water-saturated heat-sink material will provide thermal pro-

tection for the longest time with the least weight. Where more than one

test was made on a specific material, the average heating-time factor is

presented. As can be seen from figure 7, the heating-time factors of

all the materials were in a rather narrow range between about 38.& and

A4.6 minutes per pound of wet material per square foot. All the heating-

time factors, therefore, lie within a range that has a midpoint value of

+i
_1.5 with a spread of only -7_ percent. On the basis of heating-time

factor alone, the best material tested was the lighter form of diatoma-

ceous earth product. During the screening operation of this investiga-

tion, diatomaceous earth in powder form was also considered. This ma-

terial did not absorb as much water and it did not have as good a

heating-time factor as those of the other diatomaceous earth products

tested. The values of the heating-time factors reported herein may differ

somewhat from those of reference 2. Based on additional testing and a re-

evaluation of previous test data, the values reported herein are con-

sidered more representative.

The diatomaceous earths_ vermiculite, and the felts of glass and

quartz microfibers had the advantage of being rechargeable after heat-

ing. All the other materials were destroyed during one heating cycle.

When heated, foamed plastics charred, cracked, and shrank and allowed

heat to flow directly through to the simulated structural member. The

balsa plywoods charred badly; the i/2-inch balsa sheets not only became

charred but also became distorted so that they no longer formed a con-

tinuous barrier to the flow of heat. The other nonreusable material,

blotter paper, was gradually consumed as it progressively dried out from

the lower surface to the upper surface.

A comparison of figures 5 and 7 shows that there is no correlation

between the percent of water absorbed and the heating-time factor. For

this reason_ the effectiveness of a material as a water-absorbent heat

sink cannot be judged solely on the basis of the amount of water ab-

sorbed.
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All heating times and ptherefore, heating time factors for heat-sink
system i (see fig. l(a)) were determined whenthe temperatures on the
perforated plate (simulated structural member)exceeded 220° F. Some
tests were madeto determine the advantage of considering the cover plate
directly above the area for venting steam as the support structural mem-
ber rather than the perforated plate (fig. l(b)). Thermocoupleswere
located on this plate in much the samemanner as those on the perforated
plate, and a layer of insulating material was placed on top of this plate
to simulate an actual application. The tests indicated that an average
of 15 to 20 minutes could be added to the reported heating times when
the cover plate was considered as the structural memberto determine the
termination of testing. The tests were terminated whena number of ther-
mocouples on this upper plate (an area of approximately i0 sq in.) ex-
ceeded 220° F.

Twomaterials, glass felt and the lighter form of diatomaceous
earth product, were used for evaluating the three heat-sink systems
shownin figure i. These materials were chosenbecause they were re-
usable, easy to handle, and of a uniform or homogeneouscomposition_ so
that the water absorbed by the material was uniformly distributed. Ta-
ble Ii showsthe results of the heating tests for the three heat-sink
systems (fig. i) under the condition of an 1800° F simulated outer skin
temperature. A comparison of these results wasbased on the heating-
time factor. As indicated in table II, the heat-sink system proposed
in figure l(b) has a muchhigher heating-time factor than the other two
systems investigated; it would3 thereforej provide protection from aero-
dynamic heating for a muchlonger time. Heating-time factors obtained
for system 2 were approximately twice as large as those obtained from
heating tests with system I.

System 2 makesmore efficient use of the absorbed water in the
heat-sink material by allowing the resultant steam to vent at the heated
side of the heat-sink material into a space separating the heat sink
from the fibrous insulation. Additional heat-absorption capabilities
of the absorbed water are utilized by superheating the resultant system_
whereas in system i the steam is vented above the heat-sink material
without being superheated. System 5 (fig. l(c)) allows the resultant
steam to pass through both the heat-sink and fibrous-insulating material
before venting to a space separating the simulated heated outer skin
from the insulating material. Venting at a location of higher tempera-
tures should allow the steam to absorb more heat than it would in sys-
tems i and 2. As indicated in table II, however, the heating-time fac-
tors for this heat-sink system are not muchhigher than those for system
I (approximately 12 percent higher) and are much lower than those ob-
tained for system 2. The cause of these low values for this system is
not clear; however, the presence of the steam in the fibrous insulating
material might have had an adverse effect on its thermal conductivity,
which resulted in unexpectedly low heating-time factors.
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Final Evaluation

The results of this investigation show that water-saturated heat-

sink materials are feasible for absorbing the heating loads that will

exist on the afterbody of hypersonic aircraft and reentry vehicles.

None of the materials investigated satisfied all the desirable charac-

teristics previously discussed, namely, lightweight_ high absorbtivity_

minimum loss of water under centrifugal load, long-time thermal protec-

tionj and reusability. In addition, consideration must be given to the

cost_ the ease of preparation for intended us_ ease of handling and

loading with water_ and uniformity of composition. A final evaluation

requires the simultaneous consideration of all these features.

The heatlng-time factors presented do not include the loss of water

from the saturated materials when under acceleration loads. If it is

assumed that the heating-time factors would be reduced in proportion to

the amount of water lost, a rough estimate of this effect can be made by

means of figure 6. For example, under a 5-g load for 1 minute, vermic-

ulite loses 8 percent of its absorbed water. If a proportional decrease

in the heating-time factor of 8 percent is assumed, the adjusted heating

time factor is _0.3 while the reported value is 43.8 minutes per pound

of wet material per square foot. When similar corrections are made for

the other materials, the diatomaceous earth product_ which has the high-

est reported heating-time factor, looks even more favorable because of

its extremely high water-retention capabilities.

Because they had to be given the boiling-water treatment first, the
vermiculite and all forms of balsa material were difficult to load with

water. With this treatment the water-absorption capabilities of the

balsa forms were increased approximately _00 percent and those of the

vermiculite were increased 25 percent. In addition_ the preparation of

the perforated balsa plywood forms was involved. The foamed plastics_

although light in weight and absorbing water fairly well_ were all quite

weak and brittle. The vermiculite and the felted materials (except the

6.0 lb/cu ft variety of quartz felt) lost appreciable percentages of the

absorbed water under acceleration loads.

Rechargeability of the heat-sink materials is very desirable for

vehicles that will make more than one flight. Use of nonrechargeable

materials would necessitate design features that would permit the re-

moval of the outer skin and the replacement of the consumed heat-sink

material. This feature would involve additional weight and complexity.

Of the materials tested, the diatomaceous earth products, the vermicu-

lite_ and the glass and quartz felts were rechargeable.

When all factors are considered_ the diatomaceous earth products

and the 6.0-pound-per-cubic-foot quartz felt appear to be the best of

all the materials investigated. The diatomaceous earth products have
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a relatively high heating-time factor (approximately A4); their water
loss under acceleration loads is extremely low (see fig. 5); they are
easily saturated; and they are reusable (although the lighter form of
this material did exhibit cracks after being subjected to a numberof
heating cycles). The forms of diatomaceous earths investigated were
rather heavy materials; the lighter form weighed approximately 15.5
pounds per cubic foot and the heavier form weighed approximately 25.9
pounds per cubic foot. These are tare weights of approximately 1/5 and
1/3, respectively_ of the total wet weight of the materials. Inasmuch
as the diatomaceous earths have a high heating-time factor_ the rather
heavy dry weights of these materials becomedetrimental only whenthe
materials are used in vehicles that would remain airborne for an appre-
ciable length of time after the water had been consumed. Someproblems
may also exist in forming, molding_ or shaping the material to the re-
quired contours.

Quartz felt_ conversely_ is very flexible and conforms to almost
any contour. In addition_ quartz felt is relatively light in weight
(6.0 lb/cu ft), is saturated rapidly, has high temperature (up to
2000° F) insulating capabilities3 and can be used repeatedly without
any apparent detrimental effects to its heat-sink capabilities. When
subjected to acceleration loadsj this material has a somewhatgreater
loss of water than the diatomaceous earths_ and it has a relatively low
heating-time factor.

Thescope of this investigation was limited to materials that were
known either to be available or easily fabricated. It is very possible
that the optimum type of material was not included in the group de-
scribed herein. Such a material maybe found or developed with further

investigation.

!
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SUMMARY OF RESULTS

The following results were obtained in an experimental investiga-

tion of several existing materials as possible water-absorbent heat-

sink materials for use in the cooling of the afterbody regions of hyper-

sonic and reentry vehicles:

1. It appears that water-saturated absorbent materials are feasible

for absorbing the aerodynamic heating loads on certain parts of hyper-

sonic aircraft and reentry vehicles.

2. All the materials investigated_ with the exception of vermicu-

lite_ absorbed at least 48 pounds of water per cubic foot of material.

This represented more than 75 percent of the maximum amount that could

be contained in that volume. The 6.O-pound-per-cubic-foot form of quartz

felt absorbed the most water (approximately 60 lb/cu ft or 96 percent of

the maximum amount possible).
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3. The best materials with respect to minimum water loss when sub-

jected to acceleration loads were the diatomaceous earth products. Un-

der a 5-g loading for 5 minutes (a practical limit for manned vehicles),

only three materials (vermiculite, glass felt, and 3.5-1b/cu ft quartz

felt) lost more than 5 percent of the absorbed water.

4. During a heating test in which the outer skin temperature was

1800 ° F and the resultant steam discharged from the cold side of the

heat sink (system i), the lighter form of diatomaceous earth product

exhibited the best heating-time factor (time of protection per unit

weight of wet heat-sink material). The average heating-time factors

for all the materials, however, were in a rather narrow range between

38.& and _4.6 minutes per pound per square foot for a 1/2-inch thick-

ness of wet material.

5. No correlation was obtained between the percent of water ab-

sorbed and the heating-time factor for the various materials.

6. Of the three systems proposed for providing internal cooling of

a hypersonic vehicle, the system in which the heat-sink and insulating
materials were separated by a space for venting steam (system 2) proved

to be a much more efficient method for taking advantage of the heat-

absorption capabilities of the steam generated in the saturated heat-

sink material. Tests conducted with glass felt and the lighter form of

diatomaceous earth product indicated that the heating-time factors for

this system were approximately twice the values obtained for the other

systems investigated.

7. Of the materials considered, the diatomaceous earths# vermicu-

lite, and the felts of glass and quartz fibers were rechargeable for

repeated use.

8. On the basis of an overall evaluation in which absorptivity,

water retention_ heating characteristics3 and reusability were all con-

sidered, the diatomaceous earth materials and the 6.0-pound-per-cubic-

foot quartz felt were the best of the materials investigated for the

conditions prescribed.

Lewis Research Center

National Aeronautics and Space Administration

Cleveland, Ohio, April 17, 1962
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TABLE I. - KEATING TIMES FOR

WATER-ABSORBENT MATERIALS

O_

OD
!

Material

Balsa wood, blocks

Balsa plywood, four ply

Balsa plywood, seven ply

Blotter paper

Diatomaceous earth

Diatomaceous earth

Foamed plastic

Foamed plastic

Foamed plastic

Glass felt

Quartz felt

Quartz felt

Vermiculite

Dry den-

sityj

lb/cu ft

(a)

6.0

16.5

21.8

21.0

23.9

13.5

1.5

2.1

6.0

3.5

6.3

Heating

time_
min

ll0

105

125

126

12_

123

131

132

131

129

131

96

85

91

79

91

87

87

85

115

I04

90

91

74

73

aCorrected to wet volume.
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TABLEII. - HEATING-TIMEFACTORSOF

GLASSFELTANDDIATOMACEOUSEARTH

(13.5) FORTHETI{KKEHEAT-SIEK

SYSTEMSINVESTIGATED

|
_O

Heat- sink

system

1

2

Heating-time factor for

1/2-in. thickness_

min/(ib)(sq ft)

Glass felt

38.7

38.5

38.0

87.8

89.8

86.3

45.8

44.9

59.5

Diatomaceous

earth (13.5)

44.8

44. I

45.0

86.8

85.5

86.0

52.5

49.5

47. 4
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(b) System Z.

//////////1/lll/IIL/U/J///////////I

I

,_ Support structure

_rHeat sink (water filled)

p Fibrous insulation

r Steam vent

N _ H H # M H H H _ H H M H /l_Outer skin

I_High-velocity airstream _uring flight

(e) System 3.

Figure i. - Schematic diagram of proposed systems utilizing heat-sink
cooling.
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Balsa block

f I

Perforated _/

balsa plywood --y

(a) Balsa wood types.

Four-

ply (b) Blotter paper.

Dry

dens ity,

ib/cu ft

13.5

23.9

!

[O
O4
<D

(c) Vermiculite.

Dry

density_

ib/cu ft

1.5

2. I

3.3

density,
ib/cu ft E

6.0

3.5

4.0

(e) Porous foamed plastics. (f) Glass and quartz felt.

Figure 2. - Water-absorbent heat-sink materials tested.

C-59981
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I

/

r Closed box

Wire-mesh I
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in.
/-Water-

/
/ saturated

e---l specimen

2 in.

trap

/
/

I

Radius arm

!
I I

I
I j
! r-"

r
4.0 ft

2.6 ft

Figure 3. - Schematic diagram of centrifuge used in water-retention tests.
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:,;,l,:,:,:,:o:,:,_,:(,:.:,:,:,:,;,;,:.:,;.:,;,:,:.:.:,:.:,;,:,l Foamed plastic (5.3)

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::wood,blocks

__,_:;:;l::;:;:;:;:;:;:;:;';:;:;:;:;:>.;:;:;:;_;_;:;_;')] Foamed plastic ( 1, 5)

._]_]_#_]_]_]_]_]_]_]]_]_]_]_]_Ba_sa plywood, four ply

_.].]_]_]_]_._._._._>_._._._._._._._._.X.X.;......._.._..._.Ba_saplywood, seven ply

_]_]_._._]_._._._._.]._._._._._._._._._._._._._._._._._._._]_.X._._]Diatomaceous earth (23.9)

'_'_"i"]'i'i'_'_'_._. _"]'_"_"_'_'_"i"i'i'_'_'_']'_'_'_"_"i'_"_'_'_'_'_'_']'X'i"i'_'_"i'_'_'_'_'i']'i'i'_'_"_'_'IVe rmi culite

_.]_]_._._._._]_._._._.]._._._._._._._._._._._._]_]_._._]__]>_Diat_mace_usearth (13.2)

1 I I ......__I_........ _J
0 _ 38 4-0 42 44 46

Average heating-time faetor_ min/(ib wet material)(sq ft)

Figure 7. - Comparison of heating tests based upon heating-time factor for

water-absorbent heat-sink materials i/2-inch thick.

NASA-Langley, I_2 E-939
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